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Introduction, 

The   electron  multiplier  la  a  device  she 

jnoinena  of  secondary      Ion  for  nulti] 
tron  into  an  avalanche  of  electrons.   Thro  isjh  i  suitable  am- 
plifier and  seslsr  It  <"ive8  result     liar  to  the  G 

Her  co  mte  .   SlX&SS  no  gal  ir  I       ,  it  c        in  a 

,     Lad     d  be  Interposed  between  the        id 
i  multiplier  when  the  instrument  is  'ire         .ction  with 
a  Beta  ray  speetroaeter*  ,  tters  are 

>ffici     or  lneld     Leetr  ies  en  I 

order  of  •iron  volte«  ,       otron 

mult  a.      bould  bo  particularly     il  for   ttsetion  of  sx« 

iy  los  eneri       rons«      ritei  j  repose  a  to  ufg 
for  inwei     oion  of  the  low       end  of  Bets         ra 
wi.      .  Klee  and  I",   a  i  working  on  the  source 

j  r obi em  and  t .     : c t rome ter  j  robl en . 

srod      ve 
rl  100%   efficiency  for  all  el  vs  sufficient 

o  pen  :ted  that  t 

ictron  multiplier  will  b<    isll       ficient  at  all  ener~ 
It     ►oeaasry  to  fS        i        ffici 
of  ens 
tie  aid  of  an  electron  , 

it       med  to  •.  :"  surrent  at  ill  si         - 

Itiplier  ssi  m 

with  the  electron  multipllei  in  it.  1  role,  it 


planned  uo  ot         i  for  comparison.   In  o^der 

to  obtain  any  degre  -  a 

vary  sensitive  curron':  STl  •  I   id  a  vexy  fart  count- 

ing; circuit • 

It  was  c        po  j  an  i     -liable  j ore 

of  the  incident  siesta  Df  tl 

This  won1  Impair  the  SOOUI  rrent 

aroMsnts«  it  w   t  ksrsfors  neoessary  to  electron 

fettering  theor  i  work  in  order  to  sales 

oi  the  numbs;  lost. 

Into  t  Lstioi  oi     rtron  nultl* 

plisrs,  the  design  of  irrent         oirouits, 

lor,  the  pi     na 
of  secondary  smlssion,  and  t.       a  of  sl'sotron     ,  Lnd  - 
cat<  od  for  deter  efficiency 

or  t  s  electron  multl      is  f     s»        ,  ths  resulv. 
will  probably  not  bs  s  for  en  ibout 

twenty  kil  volt?  a?  for  on   .       owe  twent. 
This 
.onclusio       i  from  the  • 


a 


secono  )j\. 

The   act  ry   Mi  a   Is  not   very 

well  ,  Lon  of  lier 

is   baaed  on  the  fee 

•  as,   omit   or  -   i      ten   eeooi  "or  a  >nt 

electron*  .   of   t  >r   of 

sec     .        ies   is  o.  n  ene 

from  400   to  ron  v.. 

As  may  be    S3   □   fro  .    1,  en-He.: 

l^ivG  artlc  i   a    i  ,    : 

energy  of  the   sec    >..   ries   le  ueually  very  t  ise 

to  the  f  of  the  incident  electros 

tlcular   c  :rve    is   produced   by  -,   but   t 

general  I  and   1    ,  volts   f  re 

, als  a  i  >        >ak  A  le  Lly  re- 

flected electrons  while    i    i   remli  rvc   3 

of  true  eeoor      rle 
d  secondaries  lnere  dlly  wll  •       il  rgy 

to  she    ■  Welti   ftfte  lis  off  •     Pi,-.   f  , 

also    iron   Owen-Harries    (H-3)    shows   how   difforen.: 
coir  of   second  :ed 

and   t;  ;condaries)  ted   for  various   energies   of  at 

electrons.      *'i    •    5,    taken   fro*   Allen    (A-7,    4*8 )j    is    I 

e   of   curve   for  .        '  ravhs   co?  - 

bined  with  Plg«   4   fr  e   araaff   (T-  idicate 

that    secondar  "leant    for  ^s 

foi  lent   elect:-  of   about   two   or 

anc-  .      The  faotoi    dro;  s   ti 

or  lea 
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Fig.  4.  Secondary  emission  of  electrons  by  electrons  with 
energies  up  to  340  lev. 


I   this  point,  howovor,  it  r  zhe   ai  - 

7on  d<  d  th6  800- 

ondarl  la  for  prlnarla         at  a*  al 

to  101  i  J  soveral  hundred  v  r  tho 

llootlon  factor  aj  nit  o- 

of  inci<  or  :    .   At 

an  an  :1c  c  I  of  zero  t  ^condari^s 

is  obtained  and  at  Qitt#t  tho 

mux:    .   As  an  oxsrome      la  see  FJ  ,    from  -oodward'a  ('  -1) 
work  with  It  on  vario^  BMtarlala* 

n  vor:  I  ios 

bolow  two  kilovolti  lo  to      away 

from  materials  fch&t  ar<      socondary  omit  tor  a  for  source 
chambers,  f     armol  walls  of  tho  ,  for  baffles 

and  so  for^ 

accord  varsity  ry 

ssion      nuisanoo  whon  n     ntod  bjt  difficult  to  Obtain 
when  dosirod.    ]  rocesr  of  aotlvatlo  rod  i: 

obtain  ths  optie  in  multi     fciona     i  in  Figa* 

orykin,  a      ;r  in  tb      tron  multi;  , 

found  (2-  alloy  ha??  abla  atloa 

a?  a  secondary  emitter.  !  ha  coil',        Bat  od 

of  treatment ,  obtain  an  •  I s- 

sion,  but  it  VvO  !•"  /3W  hours,  off  ray  id" 

IP  ty]  it  i  !  al 

multiplication  factor  but  tho  factor  aaa  aonatant  for  nora 
ousa- 
Dr.  Allen  is 

ltlpllera  for  sever  1  v  r  t 
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Be  by  wa         ;)    aft  '  - 

and  Mathos    (V-17)    indicated    thst   r  aralt  Lon   factor    of 

tan  l  :• 

However,    Allan   learned   I  v/ith  vari'  at 

o&tio:  9J 

difficult    to   arrive  .  htly 

oxidizod   s  (A-      .      Alien  used   vacuon   firing.      Dare   a: 

Rowan    (D-l)    used  vacuum  firin  .ocas; ••■filly    on  ti.eir  Allen 

tubal   but  found  hydrogen  t  satiaf actory.      V«   |«   Bright 

who  has  d  All^n   ttribai    at      IT  foi  a 

ray  detection  has   also    ised  hydrogan  firing  to  nil   tf< 

",    K«   Hahn,    Jr.   ha?   built    rover  I  Allan   tubes 

for   ion  defection  Dlaoul&r  Beam  Lab.    at  M 

obt  tisf^ctr  VH        firin    «  \rontly, 

i,   no   one   1:  in   ab]  In   a  multlpllai  aver 

ree 
either 
Al]  1  Lon  factor  droj.s 

I  n.osuro   to   tha  t   after   acti- 


■ 
■ 

- 


iplier« 
Back  in  1  »  p  >ton tod  a  *hoi  3   tube?r    that 

lry  erinsion  fC  Lfioation  purposes, 

3d  raugnetl :  ldi  for  ahaoneling  the  electrons,         it   tt 

was  not  until  . -id-thirtiee  thnt   the  Here 

rac tic ability,    tht    ■L1    and   nT  es  of  Zrcory- 

kin   (2-1,   :>f ),  were  built. 

It  was   soon  Tonne    that  elect  fields  were   superior 

magnet io  fields    for  channel!  I   eloctrons   from  one   st< 

to  the  next*  a  oonc  ted  on  tills   type  i 

all  id  what   is  no*    t  It   is   an  eles- 

it   stage  on! 
by  a  se:  •      fl 

stages  or  dynodes   arc   r  to       It  t  BUS  in  kf 

while   the        >     ttlal  between  I 

•  accelerated  to  the  ives  the 

LOatlon  factor, 

Itl*   Allen    (A-l,r,5,4,l^,7,B)   workir 
field    f  .      t   Box*,  ■  was  not   onl  emitter  but 

v    it   had   a  high  work  function  Mak5 

intone.  :  tant    it  ligible  da? 

at j   a  -1A.     Baryll  s 

sensitive    zn   X-ray    ,    QoHM    ra  cles, 

Ai '  olecti  iltiplier  I  ••   of 

stages   of  Be*      To   fin  suit  and    arr    1 

for  his  ,   he   used   the  m< 

--4);  ,    -:"i    *^  lilt 

SO 


• 


■  I      :  ■ 


sive       *s  wa:      ortlonal  to  t 

between  tJ  .  ♦    en   a  rubber  I       ■  stretched  over  t 
asr      i        servinrr  how  p  I    Ft  eel 

travelli  e  membrane  and  then  c        t    orienta- 

tion and/or  the  shape  of  the  dynodes  to  (ret  better     +"ormance 

used  in  his  multi;     .- .   if 
vious     ntioned  he  let    .  ibstitutod  »<   This  seems 

to  have  all  the  advantages  of  Be  f  cion  If  av     le 

In  a  i     le  form.   A  version  of  this  All 
tube  li  to  be  used  bj  the  writer  in  his  r^ 

Dare  and  Rowen  (D-l)  were  the  first  to  build  this  type 
at  KXT«   ?he  dyn     which  they  used  were  mud*  from  dlef  she 
to  Allen's  specifications.   The  dies  are  avail  ble  ir     NS 
and  WL   machine  shop*  The  edges  of  the  dynode  sheets  were 
crimped  over  nichrome  wire      i  acted  both  as  conductor  and 
support.  wire  is  :       colder ,  however,  and  Hahn 

to  much  better  adv  ,nt  ge. 
all     ed  1  vite  as        rt  for  the  or i en cat ion  and 
I  dynodes  with  respect  to  a  c   other.   Tr-vite  h 
that  ac  ot     d,  it  la  soft,  easily  drilled  and 
:.   It  becomes  h  -    ftor  proj  I  -   The 

dynodes  hive  to  be  separately  if  h     3n  firinr  is 

used.  If  refiling  with  tb        an  method  bee-  ,y, 

1  y  must  lied  o:      lavice  will  lose  its 

Ina         WB[   srties.   Dare  and  Ko  en      1  to   calex  to 
avoid  this  diff :     ,  but  it  has  the  disadv  t  is 

ver;  hard  and  is  difficult  to  drill,   uc.       Hahn       ^ht 
are        intin    fen  mica  as  a  eeeond  alternative* 


-5  dynode  asse;  ;nted  on  four  of  the  Kovar 

fc  loads  whicn  net  as  sup]  ortl n  the  base 

A  great  deal  of  difficulty  hat*,   been  ox        d  In  seal- 
ing the  bore  pinto,       -ads  throug   the  b 

entiru     loh  ru   from  zero  to  , 

the  past,  Kovor  seals  made  by        slower  In  t       lab 
at      iVG  Leen  as#d|     !    soidari     oce?s,      ip( 

sealc  have  often  broken  because  of  t  ex- 

pansion coeflic:  Jt,   A 

388  f£       it  in  i  tO 

:l:nese«   An  ev      .  ip  tol  to  be 

to  use  a  c 

bj   Stupakoii,  available  in  the  NS  and  B       &OI  .      I 

and  Roise  I  seals  wore  to  t     as 

r.latep  on  tnc  Inno:  or     •  B8  ride;  it  wo  r 

to      r  them  from  the  outside,  t  ad  van     of 

th**  to  aid  in  th«  ■«Allng« 

e  ith  a  ninety 
oonn  .  ier  to  the  vncuur 

i,  01  :rcn  Laboratory  I       >d 

t   a  oi-         e  with  no  

sul  ;s«   :    t  lata  has  been  redesigned  wi  !  nd 

as  well  i        lea  of  usi:   !        as  r 

instrument  is      lad  outside  the  .  lit  by 

:  will  ve- 

sy  to  in      in,  v.i   bo  )  rove  fr  :  ,  z  m   tar 


In  01  vide   the  proj  or  vc •'.  ie 

It   ie  ;age  id   tor-  he 

;er   s  Rowen  used   at;  ^>r 

stages  by-passed  with  a   .03  i 

•   6  shows  Allan's  i 
:  has   been  using   tar 

S   a   lea 
3  alt 1st 
ini  3sistors    ins^. 

,:rior    to   installing  and  he 
.  .        .  it j  la         ';       .  .  .        -     ,         (  oauso 

the  writ    - 

it    It  will   :  ossible 

1  ould 

"    ~e   on 
;f  t  lerloui  i  t 

A£  by  Dare   a.  3    c 

dr  leal   "can"    ac   a  located   In   t 

for  the   incio 
fin  9«  In  w  writer 

oO   ase    .  .  r   in  ow^ver, 

:  .     -.he 

.low  will   be   remove 
I 
and  1  »ed  . 

refore,  ;  lltlpl  to 

be   at  >ut  oten- 

tl  safe  -  t  '  t 


oident  electron  -  to  a  of 

;g#  Therefore  |  :»ioc- 

trons  \  4600  volt  are 

the  ]  _Is 

would  be  a  serious         .   Hence  it  \  > aided  to     oy 

o  -     vely  rounded  power  suppl 

The:      iar  to      <veral  other  i 

./  for  the  Allan 
/  detector. 

(1)  Lower  limit  of  energy  o    ;;a  ] articles  notected 

tot Id all j  zero, 

(2)  Since  the  "can"  will  be  at  the  b>-  tontial  as 
the  first  stage,  backfrou      i  to  vomitive  ions 
form     thin  t  .   lectron  rnultii     should  be 
B*      Die. 

)  Jh3li  -r  and  efficienc,        r, 

Fror.:  the  con:     .Ion  of  the  Allen  tube  s.t  r 
Lts  conceivable  ravloua  nrr- 

'it  tno  j  otenti  ,1  gradient      en  the  first  suage 
and  the  "oanM  near  61     .-idow  v 

th  radiant  toad 

stages •  In   s  ic-     .ivent  many  of      econdarJ 
•■oduoed      i  first  H  all  to  reach 

o  sec         8  toth  the 

a  in  an  oiency  of  t 

(4)  Beta  y  In  entering  the 

It  ]  lier* 


ha  one  c  1b  t).  t 

since    the   o 
relumed  thr  loop ling  condenser. 

I  lifi  i  I   on    t 

i&iororaiorofi  ,   a  lose  01    only  ni  jnt   In 

Lcrofarad   q  isei    for   00 

. 

LI  ..  Jei    c,  ioroi 

tufflc        .    Tor  t  ent«t 


i  .<■ ,.    «~-    i.V .,   i.i   I   i  mi, 

Tho  aoq  lifier  built  by  for  v. 

with  the  electron  multiplier  was  do  signed  to  handle      r 
than  1C6  counts  per  soeond.   The  writer  1 

lifier.   The  reeolt  if 

on  the  order  of  10""^  seconds.   Incidentally,  fchle  short 
5  of  th     vctron  nult         id- 

▼onto   -   'io  resolving  time  oi"   th  i     it  sta  i- 

lltlonal  seal:     .reals  li  on  the  order  of  three  t  I   "ve 
aroeeeonde  (iS~5)«   A  safe       its  of 
from  tfi  r   thrc  .in.  , 

a  scalar 

imber  of 

;or  in  tho 
3Ult|  as  OOll  ll  tl  Of  fll 

olroult«  Sinoe  tho  relay  2  Irty 

co  .  6  111  have  a  e 

of  about     mioroeeeaado  or  pemit  be 

of  I        second  which  oorreepon&s  to  a  current  of       ~^ 

•roO«   With  t     ealor  it  is  expOOted  that  tho     00  to 
the        ;  will  be  nearly  9od« 

"Cenoo"  i   ste  of  rooor     ibout 

cycles  pi  suoti  an  a:     ?ment,  counts  corre3- 

to  about  IxlcW'     3 res  o 

I  ining  the  ofi      ay,  two  types  c  ltfl 

are  0  louring  c  it.  all,      lectro- 

meter  and  asuriiv'  eiro 

The  DuBrid  ciro  is  is 


6AK5 
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+  I20V      6AK5 


00l5iif 


i  W     SO     Y 

^  o 


lOOK-i 

II — s*W\rV-t 


-Xf- 


+  I2V 
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I  6K  cathode 
resistor  in  main 
amplifier 


^  lMf 


Schematic  diagram  of  a  method  of  coupling  the  multiplier  tube  to  the  pre- 
amplifier 


Electrode  system  and  metal  tube  shell  of  a  lS-stage  tube 


flt>.        1 


kotronlfl 

and   li  iderably 

•  liable  in  the   Synchrotron  >ry 

was   four  factor.,    If  tttftd    In   oohj 

thli   ciro  lit    ftJ  '    -  so 

Abl9» 

Fi    .  a  di,  the  w. 

-     '/•  :alcul  be    to  lis 

limit   of  sensitivity   for   t  ,  n 

U£  ,     ll 

D  la  grid  current,  |  ?f  Banufasfcursri  ■     :us 

this  flict     >n  Is  10  *  si  -rent 

of  if .  2x10""-  ible  to  l  cur- 

rent of  3x1  to  within  . 

:ill  greater  t< 
-  )•  It  ussi  i  for         its  to 

La  a  I  s  >d  in  a 

suitable  br     circuit,  tllninatst  the  vnr*  -  to 

th .  lis  si  on,  wh1  -:s 

oauses  for  t,.  in  sensitivit  . 

tube  is  not   available  c  ■ • 

It  ll     mod  to  :  entire  Dui  t  la 

a  praoti  f  slsstrls 

anc  uce  t 

of  atmospheric  a     is  on  the  input  resistor 
over 

~>rs 


I 


las*  env  ■  baiv  it  and 

mtod  wl  ie 

op  ao   thi  nics  will  be  so   a  minima  • 


Fig,.   8 

DC    Amplifier      (fp-jt^    Bridge  txpe) 


J?  -      10      o«<*«> 
H-      Iff1 oh 


r\  ~     /00C  oh>^ 


K,  {  El  tc  TZonerefL   Ken 

V'   Mi  llivoUtne-^er 

5=  /oo/ooo  «m»^  A^yr'tc^  >h  jut" 


Or*  lvAm.9~+*.'fcV 


2, J*    /0 


-/o 


.->*/« 


Leotrai        I    ^terir 

elect 
, 
current   will   nc  .  aed.      Banoe,     Lt    baoo&aa 

to   knfl  irons    are   1<  he 

l   0    to  lOTOlt     . 

ill     i  •omtterln    /  ba  c       d  int     r  divi- 
sionc  '   .•: 

(l)  tio  eaatte:  one,  • 

:  onounoed  for  ve  ;s, 

0-  uiced 

a  i 
(3)  Ine  ions  wit;     otron, 

'. 
9  toll  b  eloc  onto 

nuclei* 

•aatte  -.,.,. 

pendix  3  e.     ■ 

tr   i   id  incident  electrons  fo.i  very  thin  foils  •  i    e 

■ 
-  isfae  mtally  for  relet  los 

of  deflection  (angle  n  of  ine  id       'tren 

and 

.ot 
; 


ox    I 


. 


'9- 

and 

.    ..  ■ 

■o    for:  1  tcit 

:i  tot  -i- 

ou;  a  to  o  re 

'• 
Is 

m  '70 

is   the  d'roct  a  as- 

tvlng  d# 

m  fchfl  at 

the  ontr&n..  bstit  .  >ft« 

■rtitn  >i  , 

it  mi  s    . 

3         a  i 

n  Is  of 

daf.1  n  of 

...  It 

1- 
nc-i  the  formula  re^ul  le 

to  ®(f*t  '  i  in 


whie  . 

The  subject  was  nlro  Dr#  J«  r.       -rd.   He 

I  ited  out  t, 
probli  no  ta 

oretical  v/.  jt«   He  I   ,       r# 

done  1  wor' 

bee  •  graph*  of  flga«  5,  11-15 

availabl  . 

oular  effect  Or*   foodi  i» 

ciy  intarei  atron  multl]  ,e 

angle  of  incidence  In  node        !  70°.    .ore- 

Da-  of  electrons  will  bo  : 
fleeted  onto  re,  at  1-     for  the  care  of  1« 

From  the  a  Dopper  enrve  a 

small  frac      .ill  V  ■"!  back  at  -7'-0. 

Thar  inea 

for  t  belov     V  nor  any 

evi  it |  sinco  the  i  LI   be 

with  thin  foils  and  not  w:  •  « 

lland  (S-13)  inv  re   on  0-     "  for 

the  relatl'"         of  eat  he  ,  t:       •!, 

and  reflected  for  varlo  >a  of  a  number  oi 

For  eler.  incidence  0° 

i  for  the  percent         t]    d  (angle  o         -n 
r)  electron  .  I  target 

is  all  electrons  from  going  thrt 
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Part  II 
ABSTRACT 

Two   electron  multipliers  were  built.  The  first  included  all 
the  design  changes  proposed  in  P*rt  One  of  this  report.  However,  it  was 
found  that  the  design  was  far  from  satisfactory  for  eliminating  corona. 
A  second  multiplier  was  built  with  further  modifications  to  attempt  to 
eliminate  the  difficulties.  A  preliminary  test  indicated  that  although 
this  multiplier  was  less  noisy  than  the  first,  the  noise  was  still 
intolerably  high.  Circumstances  did  not  permit  further  investigation 
or  work  on  the  project  but  it  is  probable  that  the  noise  emanated  from 
corona  discharge  in  the  preamplifier. 
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PART  II 
The  Efficiency  of  an  Electron  Multiplier  Tube 

The  purpose  of  and  the  problems  involved  in  the  determination 
of  the  efficiency  of  an  electron  multiplier  have  been  set  forth  in  Part 
I  of  this  report,  which  was  submitted  in  September  19U8  before  very  much 
experimental  work  was  done* 

An  Allen  tube  was  built  but  the  design  was  modified  with  these 
considerations  in  mind: 

(1)  The  first  dynode  would  be  at  ground  potential  while  the 
lart  was  at  about  1*500  volts  positive. 

(2)  In  order  to  reduce  the  possibility  of  corona,  the  resistors 
between  stages  forming  the  voltage  divider  were  placed  inside  the 
electron  multiplier  where  they  would  be  in  the  vacuum, 

(3)  Since  the  multiplier  was  also  to  be  used  as  a  Faraday  Cage, 
it  was  considered  necessary  to  bring  out  a  lead  for  each  dynode  so 
that  they  could  all  be  shorted  together  to  permit  the  electrons  col- 
lected on  the  dynodes  to  be  measured  along  with  those  collected  on 
the  cage  walls* 

(h)   A  ready  made  Stupakoff  eyelet  of  approximately  the  sane 
dimensions  as  the  Dare  and  Rowen  specially  constructed  eyelets  were 
used  in  the  assembly. 

(5>)  Since  Dare  and  Rowen  had  considerable  difficulty  with 
vacuum  leaks  around  their  eyelets,  the  eyelets  were  mounted  from 
the  outside  of  the  baseplate  rather  than  the  inside. 
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(6)  The  size  cf  the  flange  at  the  base  of  the  shell  was  in- 
creased to  permit  drilling  an  additional  row  of  holes  for  bolting 
the  multiplier  to  the  beta  ray  spectrograph. 

(7)  It>  reduce  the  pumping  time,   the  size  of  the  tubing  at  the 
base  of  the  multiplier  was  increased  from  one  half  inch  to  one  inch. 

The  machining  was  done  in  the  Nuclear  Science  and  kn^neering 
Laboratories  machine  shop. 

It  was  originally  planned  to  use  Kicalex  for  the  supporting 
plates  as  Dare  and  Rowen  had  done,   but  the  machine  shop  reported  extreme 
difficulty  in  drilling  the  material.     Consequently  it  was  decided  to 
change  to  mica,  which  was  known  to  have  worked  successfully  for  T.  E. 
Wright  and  T.  M.  Hahn,  Jr. 

In  order  to  cut  down  the  time  the  dynodes  were  to  be  exposed  to 
the  atmosphere  between  heat  treatment  and  the  time  they  actually  were  put 
under  vacuum,   the  time  of  assembly  of  the  dynodes  in  the  supporting  plates 
was  reduced  from  30  minutes  to  5  by  drilling  in  the  procedure.     It  was 
found  that  two  cm.  of  the  extending  nickel  wire  was  the  optimum  length  for 
assembling  quickly.     Having  all  the  wires  cut  to  the  same  length  and  two 
centimeters  long,  was  a  considerable  factor  in  speeding  up  the  assembly. 

While  the  parts  for  the  multiplier  were  being  machined  a  pre- 
amplifier was  built  for  coupling  to  the  high  voltage  output  lead  of  the 
electron  multiplier. 

It  was  small  and  compact  and  desi  Tied  for  mounting  directly  be- 
low the  electron  multiplier.     It  was  modified  from  a  design  by  T.  ,rlmett 
for  use  with  a  photomultiplier.     See  fig.   23. 

The  characteristics  of  this  preamplifier  along  with  the  ampli- 
fier unit  built  by  Dare  and  Rowen  were  examined.        i    .   2U  shows  the  response 
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of  the  combination  with  a  given  signal.  The  preamplifier  alone  was  found 
to  have  a  gain  of  three* 

It  is  evident  that  with  even  two  of  the  stages  of  the  Dare  Rowen 
amplifier  cut  out  the  amplifier  is  overloaded  with  an  input  pulse  of  seven 
volts  amplitude. 

It  appears  that  when  the  amplifier  is  overloaded  very  much  it 
acts  like  a  blocking  oscillator.  This  is  a  serious  drawback  particularly 
when  a  scaler  with  a  fast  resolving  time  such  as  the  0.  E.  Decade  scaler 
is  used,  since  it  will  count  pulses  such  as  that  of  fig.  2Ub  as  two  pulses. 
A  ringing  of  large  amplitude  gives  additional  pulses  to  the  scaler  which 
is  sensitive  to  pulses  greater  than  ten  volts  in  amplitude  and  has  a 
resolving  time  of  about  1CT?  seconds.  However,  since  it  is  doubtful  that 
the  largest  pulses  from  the  electron  multiplier  exceed  one  volt,  there 
would  be  little  "over-pulsing"  with  one  of  the  stages  cut  oujt.  Data  was 
taken  in  an  attempt  to  ascertain  whether  or  not  Dare  and  Rowen* s  Allen 
tube  was  generating  pulses  of  such  large  amplitude  that  triple  and  quad- 
ruple pulses  were  being  generated  where  only  one  should  be  recorded.  Ap- 
pendix D  shows  the  table  of  data  taken  in  a  series  of  ten  one  minute  runs. 
The  number  of  single,  double,  triple,  and  quadruple  pulses  registered  in 
each  minute  period  while  observinp  the  background  count  of  the  Dare  Rowen 
Allen  tube  is  recorded. 

The  data  was  first  treated  as  though  each  multiple  pulse  was 
actually  a  single  pulse  and  the  "Chi  test"  for  randomicity  applied  (See 
.  Next  the  data  was  treated  so  that  the  multiple  pulses  counted  as 
so  many  single  pulses.  Ifce  results  from  the  first  test  were  such  that 
the  data  may  be  considered  satisfactory  in  terrcs  of  randomicity  if  the 


.l&a&la  nevis  &  dSim  moUBOldmoo  mil  lo 
•  senri.r  lo  nXa*  a  eviwi  oJ 
newofl  eieG  erftf  lo  ee^BJa  edJ  lo  owtf  aev  aeblre  si  J I 

newee  lo  Mix     ':•■         *  ••  •       ee)b#alnn  -  ej  isJI  tlqpei  mU  Jue  firo  leUHqes 

.ebitfxIqBB  ailor 
a  X*iev  bebaoltevo 
Xl"x»^  B^il  b 

isliios  ebBoed  .3  .0  siicr  8*  rfoira  o-filj  gn£vIoe«<7  *a*l  i  .  s  nadir 

eoale   (been  Bl 

:fw  -isXeoe  srii  oi   eeel:  yiL^nx*}  A 

*  eerf  bns  e-:  -fov  aeJ  nedtf  i«l    pt^  bsbIikj  oj  ov.,\;  r^/ise  ei 

JedJ  -ievewoH     .ebnooes  eaJfci  jani-rloee*! 

■vis  off  3  roil  «eeXuq  tfeegTBl  edJ 

Bsw  RitC  se^aie  erfJ  lo  eno  rfihr  "saleltrq-'xevG"   elJJ-LC  ed  blirow 

nc-IiA  fl'newafl  bfis  '3-;..>  io  ie:f^edw  oj  ns  nr  ae&i 

-baifp  bar  :jieb  brt*;!  rioirs  lo  Bee! 

-qA     .  >e'i  eti  3fhr  be^steaeg  gal&d  e*iew  aeaXxrq  aXqmt 

•Biurx  tee  e  n±  aeieJ  r. 

al  belief 8  b$trt  BeeXx/q  eXqr  • zdmun  edT 

aevoft  rxed  -  bfurotsioed  •  aeedo  eXldv  5o±rs  yq  eiunXs  rfo&e 

.foe  ei  edr 

MM   BS."'.i       . ■'•"." '"-  '  '3M    tfyMCld    :i>>   bO#l#l4    tWtJtl    &s:*    i#M    "  ''" 

nobae?  srf^  bx.  a  &  tlX&uiofi 

a..;  bi>dii/oc-  eeaXx/q  elqi^Xms  ed£  t*d&   ot  b*£*»e*i4  sew  Bjeb  erfd   Jxett     .(ii-; 

Sa       '  tm  mew  .freed"  iai :  noil  *  :a  ^ftj&a  oe 

edd*  11  y  x?  vtvc  &3sb  erid 


multiple  pulses  are  considered  as  singles,   that  is,   the  value  of  0.85 
for  P  is  well  within  the  Units  of  0.02  and  0.98.     But  by  the  second 
treatment  much  better  results  were  obtained  since  the  value  of  P  coses 
out  .5I4  which  is  close  to  the  optimum  of  .50.     Ttius  in  all  probability 
there  was  no  overloading  of  the  Dare  Rowen  Amplifier  by  the  Allen  tube. 

As  mentioned  in  ]  art  I  of  this  report,  it  is  essential  that  a 
scaler  of  fast  resolving  time  be  used  when  comparing  the  number  of  out- 
put counts  with  the  input  current,  since  it  is  desirable  to  be  able  to 
measure  a  current  of  1CT^5  amperes  with  an  accuracy  of  t  h%»     A  standard 
Schmidt  type  scale  of  sixty  four  was  built  in  the  Nuclear  Science  and 
Engineering  Electronic  shop  to  be  used  in  series  with  the  General  Electric 
decade  scaler*     Since  the  0.  E.  is  a  scale  of  100,  when  the  two  are  com- 
bined there  is  a  total  scale  down  of  61*00  to  one.     Since  the  Schmidt  scaler 
is  not  quite  as  fast  as  the  G.  E.  it  was  placed  after  the  0.  E.  scaler. 

The  Allen  tube  is  a  type  I  counter  (E-ii).     That  is,  it  is  not 

deadened  to  a  succeeding  impulse  while  one  pulse  is  in  the  process  of 

being  recorded.     A  current  of  10^5  amperes  would  give  us  a  true  counting 

rate  of  about  5000  counts  per  second.     Taking  the  resolving  time  as  2x10*7 

seconds,  the  actual  counting  rate  will  be 

n  s  He  where  N  is  true  counting  rate 

T  is  resolving  time 

for  N  n  =  N(l-fc     )  =  5000  (1-5000  x  2  x  10"7)  ■  5000  (1  -  10r3) 

or  there  will  be  a  statistical  error  of  lAO  of  one  per  cent  between  the 
actual  counting  rate  and  the  true  counting  rate.     This  is  negligible  com- 
pared to  the  error  of  three  or  four  per  cent  expected  in  the  input  current 
measurement  to  be  made  by  the  Compton  electrometer. 
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Originally  it  was  planned  to  measure  the  input  current  with 
a  balanced  DuBridge  circuit.     However,  on  the  advice  of  Professor  Not- 
tingham, who  also  offered  to  lend  the  necessary  equipment,  it  was  planned 
to  change  to  a  Compton  electrometer  as  a  measuring  device,     rrofessor 
Nottingham  pointed  out  that  although  the  DuBridge  circuit  provides  for 
stabilizing  for  variations  in  supply  voltage  and  so  forth,  actually  the 
FF-5Us  themselves  are  more  unstable  than  the  items  the  circuit  was  de- 
signed to  stabilize. 

The  eyelets  were  mounted  in  the  base  of  the  electron  multi- 
plier by  a  glassblower  in  R.L.E.   glass  blower  shop,  who  heated  it  in  an 
oven,  applied  the  soft  solder  and  dropped  in  the  eyelets.     Three  eyelets 
had  to  be  replaced  due  to  cracks  developing  in  the  glass.     When  the  base 
and  tube  shell  were  assembled,  a  small  leak  around  one  of  the  eyelets 
^ras  found  but  it  was  easily  stopped  with  a  daub  of  glyptal. 

The  beryllium  copper  dynodes  were  sanded  with  three  grades  of 
fine  sandpaper  and  were  degreased  before  hydrogen  firing.     They  were  hy- 
drogen fired  at  600°  C,     for  ten  minutes.     From  the  time  of  completion  of 
the  firing  until  the  dynodes  were  assembled  in  the  sideplates,  all  joints 
soldered  and  cleaned?  and  the  assembly  placed  under  vacuum,one  hour  and 
fifteen  minutes  elapsed.     Pressure  dropped  slowly  over  the  next  twenty- 
four  hours  to  10-5  mm  of  mercury.     It  was  allowed  to  remain  over  the 
weekend  after  which  pressure  had  dropped  to  ?.UxlCT"  mm  of  mercury. 

*£hen  voltage  was  applied  the  pressure  rose  to  about  1\J~*  mm 
and  gradually  dropped  again. 

The  Dare  Rowen  amplifier  was  set  with  all  stages  cut  in  and  with 
the  biases  r-1  and  F-2  set  at  3,£  volts  and  S>.$  volts  respectively.     The 
output  of  the  Bare  Rowen  amplifier  was  lead  to  the  first  stage  of  the 


decade  scaler  and  the  decade  scaler  set  for  100-1  reductions   its  output 
was  fed  into  the  Schmidt  scaler. 

A  background  count  of  anywhere  from  30,000  counts  to  60,000 
counts  per  minute  resulted  for  U,200  volts  on  the  multiplier. 

Pig.   25  is  a  typical  curve  of  the  noise  as  a  function  of  vol- 
tage. 

Several  weeks  were  spent  in  attempting  to  track  down  and  reduce 
the  noise  sources.     Considerable  noise  developed  even  with  no  voltage  on 
the  multiplier. 

Also,  Dr.   Getting  pointed  out  at  this  time  that  there  was  a 
basic  fault  in  the  construction  of  the  multiplier,   in  that  there  was  no 
resistor  independent  of  the  power  supply  condenser  across  which  the  signal 
could  be  developed.     Correcting  this  entailed  the  labor  involved  in  instal- 
ling the  six  kilohm  resistor  shown  in  fig.  23  between  the  k.5  Kv  power 
supply  and  the  collector  electrode. 

On  the  assumption  that  the  noise  was  due  to  corona,   the  glass 
eyelets  and  the  base  plate  were  thoroughly  cleaned  with  acetone,   then 
Ce resin  wax  was  painted  on  with  a  brush. 

The  dynodes  were  removed  from  the  multiplier,   the  solder  was 
cleaned  off  all  joints  and  the  entire  assembly  including  the  mica  plates 
were  degreased  and  again  hydrogen  fired  to  6^00  C.   for  ten  minutes. 

After  assembly  and  pumping  down,   the  voltage  was  applied  again 
and  the  background  rate  was  found  to  still  be  extremely  high. 

On  the  assumption  now  that  the  noise  was  perhaps  due  to  causes 
other  than  corona,  other  possible  sources  were  investigated. 

Eventually,  at  different  times,  all  of  the  following  were  found 


v&IB 


turn 


to  cause  background  noise: 

(1)  Noisy  preamplifier  tube 

(2)  Bad  coax  cable  from  preamp  to  amplifier 

(3)  Preamp  case  not  grounded  properly 
(h)   Input  to  preamp  not  shielded 

(5)  Input  shield  not  grounded 

(6)  Poor  connections  in  preamp 

(7)  Poor  connection  between  preamp  and  multiplier 

(8)  Poor  connections  in  electron  multiplier 

(9)  Poorly  regulated  power  supply 

Even  after  correcting  all  these  faults,  when  the  voltage  was 
put  on  the  electron  multiplier  the  background  count  was  still  large. 

With  the  failure  of  all  attempts  to  eliminate  noise  in  this 
electron  multiplier,  a  modified  design  was  sought  which  would  further 
eliminate  cdrona.  A  base  plate  was  designed  and  machined  which  had  in- 
stead of  the  previous  13  openings  for  eyelets  only  four.  These  four  were 
arranged  to  provide  the  support  for  the  dynode  assembly.  Only  two  of  the 
regular  Stupakoff  eyelets  were  used;  two  two-inch  glass  insulators  were 
used  in  place  of  eyelets  for  the  high  voltage  terminals. 

With  this  construction  there  is  no  provision  for  shorting  all 
the  dynodes  together,  but  it  is  believed  unnecessary  to  be  able  to  do  so. 
The  multiplier  may  be  considered  a  series  of  condenser  plates  with  resis- 
tors between.  The  capacity  between  plates  is  estimated  to  be  about  100 
mi cromicro farads.  Since  the  resistance  between  the  plates  is  three  megohms 
the  time  constant  will  be  300  microseconds  or  with  a  reasonably  steady 
influx  of  charged  particles  the  system  should  come  to  equilibrium  in  one 
or  two  milliseconds  permitting  true  input  current  to  be  measured  practically 
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immediately.  This  does  not  take  into  consideration  the  capacity  between 
the  dynodes  and  the  shell,  but  the  effect  of  that  capacitance  can  largely 
be  eliminated  by  connecting  the  last  dynode  to  the  first  and  the  shell. 

This  modified  electron  multiplier  was  found  to  be  noisy  also, 
but  only  about  half  as  noisy  as  the  previous  one.  There  was  no  oppor- 
tunity to  conduct  further  experimentation,  but  it  is  believed  that  most 
of  this  noise  could  be  reduced  by  rearranging  the  preamplifier  so  that  the 
high  voltage  connections  between  the  preamplifier  and  electron  multiplier 
are  reduced  to  a  minimum.  For  example,  the  coupling  condenser  might  be 
mounted  directly  on  the  electron  multiplier  base. 

Fig.  26  is  a  photograph  showing  the  arrangement  of  the  equip- 
ment. 

Acknowledgement  and  thanks  are  due  to  just  about  everybody  in 
the  Synchrotron  Laboratory.  All  have  assisted  in  one  way  or  another  with 
the  project. 
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Chi   Teat  on  Dare  Rowen  Electron  Jftiltiplier  Data 


Run       Single       Double       Triple       Quad. 


Total      Multiple 


1 

5 

1 

2 

2 

1 

3 

1 

1 

k 

1 

1 

2 

5 

h 

1 

6 

1 

1 

7 

h 

1 

8 

2 

2 

1 

9 

2 

2 

1 

10 

2 

1 

1 

6 
6 
2 
6 

S 

2 

6 

h 

W 
lw7 


7 
9 
h 
9 
6 

3 
10 

9 

9 
7 

7T 
7.3 


Treating  Multiple  Pulses 

Treating  Multiple  Pulses 

as  Singles 

as  Uul 

tiples 

x        x-I 

(X-X)2 

X 

X-X 

(X-I)2 

6          1.3 

1.7 

7 

-.3 

.1 

6          1.3 

1.7 

9 

1.7 

2.9 

2        -2.7 

7.3 

h 

-3.3 

10.9 

6          1.3 

1.7 

.      9 

1.7 

2.9 

$            .3 

.1 

6 

-1.3 

1.7 

2        -2.7 

7.3 

3 

-ii.3 

18. £ 

6          1.3 

1.7 

10 

2.7 

7.3 

S            .3 

.1 

9 

1.7 

2.9 

5            -3 

.1 

9 

1.7 

2.9 

h          -.7 

2271 

7 

-.3 

.1 

5o7? 

Q2  s  22'2  =  .U7    •  no2  s  U.7 


Q*  =  S0j2     ,   ,60 


F  s  10-1  =  9     from  graph  P  =   .8$  n;2  -  6.9  -  X2     F  ■  9 


P  =   .A 


Q  xlbasqgA 


*iuG  t*jtlqt$LM  na-rtoelS  mwosi  qibQ.  no  $B3T  hid 


•IqJtflirtl      IfiJoT 


;oG  nirfl 


6 

Q 

4i 

8 

d 

c 

01 

s 

T 

a 

"TT 

"TO 

s 

c 

I 

a 

U 

I 

6 

i 

S 

8 

r 
x 

B 

s 

<? 

X 

I 

s 

01 

Y.ii 


oesltf^  dlqidltfll  . 


*6.   s^ 


I- I 

r. 

t*~ 

V 

s 

e.e- 

e.i- 

9 

X. 

r 

s  ir 

*  %     SX   -  9.rt  s 


1  L'j      ;:.:.• 

80l^fl±8 

s(l 

X 

€.1 

d 

d 

C.I 

d 

5 

V.S- 

S 

d 

I. 

I. 

Y.- 

a 

S.*S 

V.il  a 

TiL  « 

-01 

Bibliography- 


No. 


Author 


Publication 


Subject 


A-l 

Allen, J. S. 

PR  55  336  (1939) 

1 

A-2 

■ 

PR  5?  966  (1939) 

2 

A-3 

H 

PR  3l  692  ( 19U2 ) 

2 

irk 

N 

PR  ^9  HO  (19UD 

2 

A- 5 

ft 

.  RSlT?  ii8U  (191*1) 

2 

A-6 

Ahearn 

PR  3&  1658  (193D 

1 

A- 7 

Allen,  J.S. 

RSfT6  739  ( 19U7 ) 

2 

A^8 

n 

Nucleonics  Jul   »U8  p3U 

2 

B-l 

Bay,  7, 

Nature  lUl  28U  (1?38) 

2 

B-2 

r» 

RSI  12  U7  (19ul) 

2 

B-3 

Blau  and  Dreyfus 

RSI  15  21*5  (19U5) 

2 

B-u 

Bay  and  Papp 

Nature  161  60  (lyl*8) 

2 

B-6 

Buechner  et  al 

PR  72  6W(l9h7) 

h 

B-7 

Bureau  of  Standards  (Table) 

Columbia  U.   Press  19 1*3  N.Y. 

h 

B-8 

ii   Pro  c.  Am.  Acad  .Art  Sci.   7l* 

53(19uO)                  ' 

h 

B-9 

Benson,  B.B. 

RSI  17  533  (19ii6) 

7 

C-2 

Coltman  and  Marshall 

Nucleonics  Nov.    '1*7  p58 

2 

C-l* 

Cooper  et  al 

RSI  10  73  (1939) 

5 

0-5 

..   PR  3<Tl*92  (1911) 

1 

C-6 

Coltman  and  Marshall 

PR  7?  526  (19U7) 

2 

C~7 

Corson  and  Tilson 

RSl"l9  207  (19U8) 

2 

C-9 

Chase  and  Cox 

PR  5^21*3  (191*8) 

k 

C-10 

Chance,   B. 

RSIT7  326  (iyii6) 

7 

D-l 

..  WT  Tnesis  (191*7) 

2 

D-3 

DuBridge,  L»  A. 

Am  Jour.  Phys.(lyU6)  16  191 

1 

D-6 

DuBridge  and  Brown 

RSI  1*  532  (1933) 

3 

D-7 

DuBridge,  L.A. 

PR  3?  393  (1931) 

3 

E-l 

Kngstrom,  R.W. 

J.  Opt.  Soc.Am.37  i*20  (19l*7) 

2 

E-2 

..  RSI   5  371  (I93I4T 

6 

E-3 

Einstein  and  Gingrich 

RSI  12  562  (19U) 

2 

B-U 

Evans,  R.D. 

KIT  Notes  for  8.1*11,  8.1*12 

1* 

E-5 

Elmore,    .    . 

Nucleonics  iVar!l*8  pl6 

7 

F-2 

Farnsworth 

PR  25  1*1(1925) 

1 

0-2 

..   PR  J?  21*  (19i*0) 

I* 

0-3 

Gilles,G. 

Zeits  f.   tech  Phys  26  228 

(191*1) 

1 

H-3 

J.H.  Owen  Harries 

Flectronics  Sep1!*!*  P100 

1 

H-u 

Hill,   A.G.  et  al 

PR  55  1*63  (1939) 

14 

H-5 

.     McOraw  Hill  1933  N.Y. 

3 

K-5 

Kulchitsky  and  Laytshev 

PR  61  ?3U  (191*2) 

a 

L-l 

Larson  and  Salinper 

RSlTL  226  (191*0) 

2 

L-3 

Law,   K.R. 

IRK  Proc.   25  9$h  (1937) 

5 

L-5 

Lafferty  and  Kingdon 

J.App.Phys.  17  891*  (lyU6) 

3 

5&-1 

.   PR  72  526(191*71 
RSI~18  50l4(19l*7) 

2 

U-2 

Marshall  et  al 

2 

14-3 

Walter,   L. 

IRE  Proc  29  587(191*1: 

2 

M-5 

Morningstar  et  al 

RSI  12  358  (19U1) 

5 

y-6 

Mueller,  C.V'. 

KIT  Phys.    Tresis  (19U2) 

5 

M-9 

Uq teal f  and  Thompson 

PR  36  IU89  (1930) 

3 

tx/A 

X 

S-A 
S 

S  J. -A 



x  a-A 

S  (TiiW  «CY  8Tl  .    -  IA  V-A 

S  eoinosXc,  5-4 

I  JolX 

S  

S  is  31  ]  qi 

S  :  XdX  *rirtBH 

sjbdm/l  (•XtfaT)  ebrfibn^  iu8  Y-9 

4T   .ioS  J-xA.baoA.iaA.ocrcn    . ...  ss  i^sX^iAfl  3-8 

4 

S  XX  6-0 

Y  •  C 

ns:  x-a 

X  ;oI,  «A 

C 

t 


2       (Y 


.  v       •  r.9xX. 


s 

4 


Y 

x  .     ,-  •  urt  s-q 

4 


-. 

Srrc  ■•.-  r_ H 

Xs  Ja  XX&rie'Xjsl* 


(0£?X)  Qdiil  d£  noeqworiT  bn«  IXaoJell  9-*l 


Bibliography  (Cont'd). 

No.  Author  lublication  Subject 

M-10  Vofct  and  Massey  Clarenden  Press  1933  Oxford  1* 

M-ll  Mott,  N.F.  Proc. Royal  Soc.Lon.Al2l* 

1*25  (1929)  1* 

i'-12  "  PRSL  135  1*29  (1931)  k 

M-13  "  Proc. Samb. Phil. Soc.   27 

255  (193D  U 

M-ll*  Fassey  and  Wohr  TRSL  132  615  (1931)  h 

M-15  M  PRSL  TUO  613  (1933)  U 

M-16  "  PRSL  15?  167  (1933)  1* 

W-17  Mathes,  1 7,eits~77tech.Phys.   21  252(191*1)       1 

P-l  Pierce,  J.R.  J.  of  Appl.Phys  10  715(1939)  5 

J- 2  "  Jour.of  Appl.  Phys  2  51*8  (19i*0)       5 

P-U  Penick,  D.B RSI  6  115  (1935)  3 

P-5  Pomeranta  PR  70  33  (19U6)  1 

R-3  Rajchmann,  J. A.  and  Snyder  Electronics  Dec»l*0  p#20  2 

R-l*  Richtmyer  and  Kennard  Ifcftraw  Hill  19l*2  New  York 

S-l  Sard,  R.D.  J. Appl. Phys.   17  766  (19U6)  2 

S-2  Shockley  and  Pierce Ifflt  Proc  26  32T  (1938)  2 

S-I4  Samuel, A. I..  Proc.  of  Hat.   Electronics 

Conf.  Vol  I  pl*8  5 

S-7  Semat,H.  Rinehart  19U6  New  York 

S-12  Saunderson  and  Duffendack  PR  60  190  (1^1*1)  1* 

S-13  Schenland,   K.J.F PRSO08  lc?  (192$)  1* 

S-li  Schreiter,   B.F.  MIT  E.E.   Seminar  19l*8  2 

T-l  Trump  and  Van  de  Graaff  J. Appl. Phys.  18  326  (19U7)  1 

U-l  Urban,   P.  7eits.f .Phys.   119  67  (191*2)  1* 

V-l  Van  de  Graaff  et  al  PR  69  1*52  (1>1*5T"  h 

v:-l  Woodward,  J.F.     • •  Unpublished  1* 

19-k  Mnans  and  Pierce  RSI  12  269  (19U1)  2 

?--5  :7ynn- Willi  am  s,C.E.  Proc.Camb.Phil.Soc.23  811(1927)       3 

»-7  Williams,  E.J.  PRSL  16  'I  531  (1939)  h 

W-8  ■  PRT8"^92  (19liO)  1* 

TF-9  tt  RKT"T7  217  (19l*5)  h 

W-10  Wen7el,G.  Ann.He  Phys.   69  333  (1922)  1* 

Z-l  Zworykin  et  al  IRE  Proc.  21*  55l  (1936)  2 

Z-2  Zworykin  and  Rajchmann  IRE  Proc.  77  558   (1939)  2 

Z-3  Zworykin  et  al J. Appl.Phys.  12  696  (19Ul)  1 

N-l  Nottingham,W.B.  Jour. Franklin  Inst.   2O9 

267  (1930)  3 

N-2  Nelson, H.  RSI  1  281  (1930)  3 

Subject  numbers  refer  tot 

1  Secondary  emission 

2  Electron  Multipliers 

3  S?r.all  Curren  Measurement 
1*         Electron  Scattering 

5  Electron  Oun  and  Electron  Beams 

6  Power  Supply 

7  Counting  Circuit  Amplifiers  and  Scalers 


ll 
s 


s 

ll 
d 

s 

X 


(K 


lor. 

. 

\S88fi'; 

oc. . 
eolncn.  . 


6 


■»     i 


(SJ 


nix 


. 


. 


iuot, 


*  t  • » i 


■ 
- 


!0£    13'tSI    31  S. 


v-a 


■;.v 


VI'S.M  ; 


Thesis  126JL2 

C756      Costagliola 

The  efficiency  of 
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